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(54) Active pixel sensor with single pixel reset 

(57) An active pixel image sensing device that pro- 
vides uniform integration periods and either Independ- 
ent pixel reset, row, pixel reset, or column pixel reset, 
having a pluralrty of photodetector elements arranged in 
a matrix of rows and columns, each of the photodetec- 
tors having a transfer gate operativeiy connecting the 
photcdetectors to a floating diffusion and further includ- 
ing a reset and clamp and sample function. A reset tran- 



sistor for each row of photcdetectors having a gate that 
can have a predetermined voltage applied to reset each 
row, and a column reset transistor for each column of 
photcdetectors having a gate that can have a predeter- 
mined voltage applied to reset each column. This allows 
for uniform integration periods and a signal sample and 
clamp circuit for the entire array of photodetectors. 
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Description 

FIELD OF THE INVENTION 

The invention relates generally to the field of solid 
state image sensors, and specifically, the invention 
relates to active pixel sensors. 

BACKGROUND OF THE INVENTION 

APS are solid state imagers where each pixel con- 
tains a photo-sensing means, charge to voltage conver- 
sion means, reset means, and all or part of an amplifier. 
They have some advantages over charge coupled 
device imagers (CCD), including single 5V supply oper- 
ation, x-y addressability, and on-chip signal processing. 

APS are solid state imagers where each pixel con- 
tains a photo-sensing means, charge to voltage conver- 
sion means, reset means and all or part of an amplifier 
Because of the approach used in resetting the pixel, 
APS devices have been operated in a manner where 
each line or row of the imager is integrated, reset, and 
read out at a different time interval than each of the 
remaining lines or rows. Hence if one were reading out 
the entire imager, each line would have captured the 
scene at a different point in time. Since illumination con- 
ditions can and do vary temporally, and since objects in 
the scene may also be moving, this method of read out 
can produce line artifacts in the resulting representation 
of the imager. This limits the usefulness of APS devices 
in applications where high quality motion or still images 
are required. 

Additionally, this method of operation (reset and 
read a row at a time), requires that each column of the 
device have a separate clamp and sample amplifier. It is 
often the physical size of this amplifier as realized in the 
process used to fabricate the device that limits the pixel 
size of the sensor. In order to build high resolution, small 
pixel APS devices, it is necessary to use sub-jim CMOS 
processes to realize the same resolution and sensitivity 
APS device when compared to a standard charge cou- 
pled device (CCD) sensor. The minimum pixel size of an 
APS device is typically 15x to 20x of the minimum fea- 
ture size of the process technology used, compared to 
5x to 1 0x for a CCD device. 

Rom the foregoing discussion, it should be appar- 
ent that there remains a need within the art of APS 
devices for the provision of a reset mechanism that pro- 
vides the capability to reset all pixels simultaneously as 
well as for selectively providing reset of a pixel at a time. 
Additionally, there remains a need in the art for a circuit 
design that will provide simultaneous and equal integra- 
tion times of each pixel and enable use of a single damp 
and sample amplifier per device rather than per column. 

SUMMARY OF THE INVENTION 

The present Invention relates to the field of solid 
state photo-sensors and imagers, ^ecifically imagers 



referred to as active pixel sensors (APS). It consists of a 
new pixel architecture and reset method that provides 
the ability to reset the device entirely, a row at a time, or 
any individual pixel separately. 

5 A prior APS pixel is shown in Fig. 1 . Pixels are 

arranged in an array (X-columns and Y-rows), to form an 
image sensor. Incident light creates electrons in the 
photodetector These electrons are transfen-ed onto the 
floating diffusion which is connected to the gate of SIG. 

10 This signal is read out by selecting the desir^ row 
(turning on the desired Row Select Signal by application 
of a "on-voltage" to the gate of Row Select Transistor), 
and then selecting each column separately. This signal 
level is stored on a capacitor in a clamp and sample cir- 

15 cuit at the bottom of each column. The floating diffusion 
is then reset by turning on the Reset for that row, by 
applying the appropriate on-voltage to Reset Gate. That 
reset level is then stored on a separate capacitor in the 
damp and sample amplifier, and differenced with signal 

so level, providing offset cancellation for each pixel. This 
entire operation is then repeated for the remaining rows, 
with each row having the same integration time. 

The present invention provides a reset mechanism 
that has the capability to reset all pixels simultaneously, 

25 or a single pixel at a time. This mechanism also pro- 
vides simultaneous and equal integration times for each 
pixel. Furthermore, the reset mechanism of the present 
invention allows the use of a sir^le clamp and sample 
amplifier per device rather than requiring a separate 

30 damp and sample device for every column. Two physi- 
cal embodiments of the new pixel architectures are 
shown in Figs. 2A and 2B. Other specific physical 
embodiments are realizable. These two are chosen for 
illustration. 

35 In the first architecture (shown in Fig. 2A), the pixel 
comprises an additional reset transistor with a Column 
Reset Gate. The original Reset Gate in Fig. 1 is a Row 
Reset Gate in the present invention as seen in Fig. 2A. 
It has an additional reset transistor when compared to 

40 the prior art pixel. In this architecture, both the Row 
Reset Gate and the Column Reset Gate must have an 
on-voltage applied to them in order to reset the pixel. 
Frame reset is accomplished by applying this on signal 
to each Row Reset Gate and Column Reset Gate simul- 

45 taneously. Pixel by pixel reset is accomplished by using 
the column read signal as the Column Reset Gate sig- 
nal, and applying the Row Reset Gate on-signal after 
the signal level of the pixel has been read. Now, since 
the reset signal for that pixel is available immediately 

$0 after reading the signal level, without resetting the other 
pixels in that row, a single clamp and sample amplifier 
can be used. Additionally, frame integration has been 
accomplished. 

In Fig. 2B another architecture is shown where the 

55 Row Reset Gate signal is applied to the drain of the 
Reset Transistor, and the Column Reset Gate signal is 
applied to the gate of the Reset Transistor. Operation ^ 
the same as that described above, except that one tran- 
sistor is used instead of two, and will take up less area 
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than the architecture in Fig. 1A. K separate digital and 
analog VDD busses are used for the prior art pixel, the 
architecture of Fig. 2B will have the same nunrtoer of 
transistors and busses as the prior art pixel, so there is 
no sacrifice of fill factor to attain the pixel by pixel reset. 5 

These and other aspects, objects, features, and 
advantages of the present invention will be more clearly 
understood and appreciated from a review of the follow- 
ing detailed description of the preferred embodiments 
and appended claims, and by reference to the accom- 10 
panying drawings. 

ADVANTAGEOUS EFFECT OF THE INVENTION 

The present invention has the following advan- 15 
tages: a reset means is provided giving the capability to 
reset all pixels simultaneously as well as a pixel at a 
time. This enables simultaneous and equal integration 
times for each pixel and enables the use of a single 
clamp and sample amplifier per device rather than per 20 
column. 

BRIEF DESCRIPTION OF THE DRA\MNGS 

FIG- 1 is a diagram of a prior art active pixel sensor; 25 

FIG. 2A is a diagram of an active pixel sensor 
employing the single pixel reset of the present 
invention; and 



FIG. 2B is an alternative embodiment of the inven- 
tion. 

To facilitate understanding, identical reference 
numerals have been used, where possible, to designate 
identical elements that are common to the figures. 

DETAILED DESCRIPTION OF THE INVENTION 
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This invention relates to the field of solid state 40 
photo-sensors and imagers, specifically imagers 
referred to as active pixel sensors (APS). It consists of a 
new pixel architecture and reset method that provides 
the ability to reset the device entirely, a row at a time, or 
any individual pixel separately. ^ 

A prior APS pixel 10 is shown in Fig. 1 . The pixel 1 0 
comprises a photodetector 1 1 , that can be either a pho- 
todiode or photogate, a transfer gate 13. floating diffu- 
sion 15, reset transistor 17, with a Reset Gate 16. Row 
Select Transistor 19. with a Row Select Gate, and Sig- so 
nal Transistor 5. Pixels, such as those shown in Fig. 1. 
are anranged in an array (X-columns and Y-rows), to 
form an innage sensor. Operation of this device is done 
in a manner where incident light creates electrons in the 
photodetector. These electrons are then transferred ss 
onto the floating diffusion for the desired row by turning 
on Transfer Gate 13 for that row. This signal is read out 
by selecting the desired row and by turning on the 
desired row select transistor by application of a "on-volt- 



age" to the gate for that Row Select Transistor 19. Each 
row for every column within the matrix is selected sepa- 
rately in this manner. All other rows are 'turned-off" by 
applying the appropriate signal to the gate of the 
respective row select transistor for those rows. Hence 
when selecting a specific column (the details of this 
operation are not relevant to this invention), the signal 
present on that line will be determined by which row is 
selected Q.e. the row in which row select transistor is 
turned on). This signal level is stored on a capacitor in a 
damp and sample circuit at the bottom of each column. 
After the signal level has been stored, the floating diffu- 
sion 1 5 is then reset by applying the appropriate on-volt- 
age to Reset Gate 16 of the respective Reset Transistor 
17. Every pixel in that row is now reset. That reset level 
is then stored on a separate capacitor in the clamp and 
sample amplifier, and differenced with signal level, pro- 
viding offset cancellation for each pixel. This entire 
operation is then repeated for the remaining rows. Each 
row has the same Integration time (time elapsed 
between reset and transfer) but is integrated at a differ- 
ent point in time than each of the other rows. 

The present Invention provides a reset means that 
provides the capability to reset all pixels simultaneously 
as well as the capability to reset one pixel at a time. The 
ability to reset all pixels at one time enables simultane- 
ous and equal integration times for each pixel and ena- 
bles the use of a single clamp and sample amplifier per 
device rather than per column. Two physical embodi- 
ments of the new pixel architectures are shown in Figs. 
2A and 2B. Other specific physical embodiments are 
realizable. These two are chosen for illustration. 

Referring to Fig. 2A. a first architecture of an active 
pixel sensor 20 as envisioned by the present invention is 
illustrated comprising the photodetector 11, transfer 
gate 1 3 and floating diffusion 1 5 as shown in Fig. 1 and 
further comprising an additional reset transistor with a 
column reset gate 28. The original Reset Transistor 17 
from the prior art device shown in Fig. 1 is used as a 
Row Reset Transistor 27 in the present invention as 
shown in Fig. 2A having Row Reset Gate 26. The 
embodiment shown has a single Row Reset Transistor 
27, with one Row Reset Gate 26, and the associated 
Row Reset Gate Buss 25 for every row and one Column 
Reset Gate 28 with a corresponding buss for every col- 
umn. Therefore, there is an additional reset transistor 
within the en^odiment as shown in Fig. 2A connpared to 
ttie prior art pixel previously discussed. 

The architecture shown in Fig. 2A requires that both 
Row Reset Gate 26 and Column Reset Gate 28 have an 
on-voltage applied to them in order to reset the pixel. 
Frame reset is accomplished by applying this on-voltage 
signal to both Row Reset Gate 26 and Column Reset 
Gate 28 simultaneously. Each pixel is then integrated for 
a pre-determined period of time and the signal electrons 
are then transferred to and stored on the floating diffu- 
sion. Read out is accomplished by selecting the desired 
row to be read out (i.e. turning on the appropriate row 
select 19). and then selecting the column to be read. 
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The column select signal is used as the Column Reset 
Gate on-signal. The signal level is stored on a capacitor 
in a clamp and sample anrtplifier that is at the bottom of 
the device. The column being read is multiplexed to the 
input of this amplifier After the column signal has been 
read and the column select signal is still present, the 
Row Reset Gate 26 is turned on and the pixel is reset. 
This reset level Is then stored on another capacitor in 
the clamp and sample amplifier and differenced with the 
signal level. This same sequence then occurs with the 
rest of the columns in that row, since none of the other 
pixels have been reset yet. This pixel by pixel reset is 
accomplished by Column Reset Gate signal being the 
column read signal and then applying the Row Reset 
Gate on-signal after the signal level of the pixel has 
been read. 

Since the reset signal for that pixel is available 
immediately after reading the signal level, without reset- 
ting the other pixels in that row, a single clamp and sam- 
ple amplifier can be used. Additionally frame integration 
has been accomplished. 

Figure 2B shows a second preferred architecture 
where the Active Pixel Sensor (APS) 30 has Row Reset 
Gate signal 36 applied to the drain of the reset transistor 
37. and the Column Reset Gate signal 38 is applied to 
the gate of the reset transistor 37. Operation is the 
same as that described above for Fig. 26. except that 
one transistor is used instead of two. and will take up 
less area than the architecture in Fig. 1 . If separate dig- 
ital and analog VDD busses are used for the prior art 
pixel, the architecture of Fig. 2B maintains the fill factor 
of the prior art pixel while providing added capability. 

The invention has been described with reference to 
a preferred embodiment However, it wilt be appreciated 
that variations and modifications can be effected by a 
person of ordinary skill in the art without departing from 
the scope of the invention. 

PARTS LIST: 
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signal transistor 


10 


prior art device 


11 


photodetector 


13 


transfer gate 


15 


floating diffusion 


16 


reset gate 


17 


reset transistor 


19 


row select transistor 


20 


active pixel sensor (APS) 


25 


row reset gate buss 


26 


row reset gate 


27 


reset transistor 


28 


column reset gate 


30 


second preferred embodiment APS 


36 


row reset gate 


37 


reset transistor 


38 


column reset gate 



Claims 

1 . An active pixel image sensing device having a plu- 
rality of photodetector elements arranged in a 

5 matrix of rows and columns, each of the photode- 
tectors having a transfer gate operatively connect- 
ing the photodetectors to a floating diffusion and a 
row reset signal that can be applied to reset the 
floating diffusion for each row, the improvement 

10 comprising: 

a reset transistor operatively connected to a 
column reset signal that can t)e applied in con- 
junction with the row control signal to reset any 
15 individual floating diffusion in a given row. 

2. The pixel of claim 1 wherein the reset transistor is 
part of a reset circuit, the reset drcuit has the col- 
umn reset signal as an input. 

20 

3. The pixel of claim 1 wherein the reset circuit further 
comprises a pair of transistors having a column 
reset transistor placed in a series with a row reset 
transistor. 

25 

4. The pixel of claim 1 wherein the reset circuit further 
comprises a single transistor having row and col- 
umn reset signals to reset the pixel. 

30 5. The pixel of claim 4 further comprising means for 
antiblooming. 

6. The pixel of claim 5 wherein the means for anti- 
blooming further comprises means for controlling 

35 antiblooming independent of the column reset sig- 
nal. 

7. The pixel of claim 5 wherein the means for anti- 
blooming further comprises the row select signal is 

40 connected to the drain of the reset transistor. 

8. The pixel of claim 4 wherein the row select signal is 
connected to the drain of the reset transistor and 
the column reset signal is connected to the gate of 

45 the reset signal. 

9. A method of making an active pixel image sensing 
device having a plurality of photodetector elements 
arranged in a matrix of rows and columns, each of 

50 the photodetectors having a transfer gate opera- 
tively connecting the photodetectors to a floating 
diffusion and a row reset signal that can be applied 
to reset the floating diffusion for each row, the 
improvement comprising the steps of: 

55 

providing a reset transistor that is operatively 
connected to a column reset signal that can t>e 
applied in conjunction with the row control sig- 
nal to reset any individual floating diffuson in a 
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given row. 

1 0. The method of claim 9 wherein the step of providing 
the reset transistor further comprises providing the 
reset transistor as part of a reset circuit, the reset s 
circuit has the column reset signal as an input. 
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FIG. 1 

(PRIOR ART) 
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FIG. 2A 
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(54) Active pixel sensor with single pixel reset 

(57) An active pixel image sensing device that pro- 
vides uniform integration periods and either independ- 
ent pixel reset, row, pixel reset, or column pixel reset, 
having a plurality of photodetector elements (11) 
arranged in a matrix of rows and columns, each of the 
photodetectors (11) having a transfer gate (13) opera- 
tively connecting the photodetectors to a floating diffu- 
sion (15) and further including a reset and damp and 
sample function. A reset transistor (27) for each row of 



photodetectors having a gate (26) that can have a pre- 
determined voltage applied to reset each row, and a col- 
umn reset treunsistor for each column of photodetectors 
having a gate (28) that can have a predetermined volt- 
age applied to reset each column. This allows for uni- 
form integration periods and a signal sample and clamp 
circuit for the entire array of photodetectors. 
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